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Method and apparatus for removing a liquid from a surface of a rotating substrate 



(57) A method and an apparatus for removing a liq- 
uid, i.e a wet processing liquid, from a surface of at least 
one substrate is disclosed. A liquid is supplied on a sur- 
face of substrate. Simultaneously or thereafter besides 
the liquid also a gaseous substance can be supplied 
thereby creating at least locally a sharply defined liquid- 
vapor boundary. The gaseous substance and the liquid 



can be selected such that the gaseous substance is mis- 
cible with the liquid and when mixed with the liquid yields 
a mixture having a surface tension lower than that of the 
liquid. According to the invention, the substrate is sub- 
jected to a rotary movement at a speed to guide said 
liquid-vapor boundary over said substrate thereby re- 
moving said liquid from said substrate. 
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Description 

FIELD OF THE INVENTION 

[0001] The present invention is related to an appara- 
tus and a method of removing a liquid from a rotating 
substrate. This liquid can be any wet processing liquid 
as e.g. a wet etching liquid or a cleaning liquid. It can 
also be a rinsing liquid. The invention is applicable for a 
number of wet processing steps which are frequently 
used in the fabrication process of integrated circuits or 
liquid crystal displays, 

BACKGROUND OF THE INVENTION 

[0002] The complete and efficient removal of a liquid 
from a surface of a substrate is a multiply repeated step 
m e.g. the fabrication process 'of integrated circuits. 
Such a step can be performed after a wet etching step 
or a wet cleaning step or a wet rinsing step or any other 
step used in said fabrication process wherein said sub- 
strate is treated or exposed or immersed in a liquid. Said 
substrate can be a semiconductor wafer or a oart thereof 
or a glass slice or any other slice of an insulating or con- 
ductive material. 

[0003] The manufacturing of integrated circuits 
evolves towards processing of each substrate individu- 
ally rather than in batches of several substrates. In state 
of the art IC manufacturing, most processing steps as 
e.g. implantation steps, deposition, steps are already 
performed in a single substrate mode. On the other 
hand, wet processing steps such as e.g." cleaning steps 
and subsequent liquid removal steps are typically per- 
formed in a batch mode because of lack of appropriate 
alternatives. Therefore, differences in waiting times are 
created for each individual substrate between a wet 
processing step, performed in a batch mode and anoth- 
er processing step, performed in a single substrate 
mode. Such variability is undesirable with regard to 
process control. Moreover this mixed batch and single 
substrate processing, increases the cycle time, which is 
also undesirable. Therefore, there is a general interest 
in the development of competitive single substrate wet 
processing steps. Particularly, one of the major chal- 
lenges regarding single wafer wet processing is a meth- 
od for removing a liquid from both sides of a substrate 
There are two major requirements to be fulfilled for such 
a method. . At first the method should work sufficiently 
fast. Knowing that in state of the art production lines a 
substrate is processed typically every 2 to 3 minutes, 
ideally, in order to avoid equipment duplication, the proc- 
ess step and the liquid removal steo should be complet- 
ed in about such a time frame, Another requirement is 
related to the preferred substrate orientation. State of 
the art processing equipment and transportation tools 
are developed to handle substrates in a horizontal po- 
sit-on. Therefore in order to avoid additional substrate 
handling it would be desirable to perform the wet 



processing steps using horizontally positioned sub- 
strates. 

[0004] In the European Patent EP 0 385 536 B1 a 
method is disclosed of drying substrates after treatment 
5 in.a.hquicJ by pulling said substrate slowly out of said 
liquid. However, this known method, which is based on 
the Marangoni principle, requires that the substrates are 
pulled out of the liquid in an upright position, i.e a sur- 
. face of said substrate is about perpendicular to the sur- 
io face of the liquid bath as can -be seen in figures 1 to 6 
of the European Patent EP 0 385 536 B1 . This handling 
is incompatible with the .majority of the other process x 
steps where the equipment and transportation tools are 
developed to handle horizontal positioned substrates 
'5 [0005] In the United States Patent US 5271774 a 
spin-drying technique is disclosed which is able to han- 
dle horizontal positioned substrates. In fact several 
small liquid islands are formed being removed from the 
substrate by a rotary movement It is known that such a 
20 spin-drying technique leaves undesirable residues of- 
ten referred to as drying marks, on the substrate sur- 
face, particularly on surfaces having mixed hydrophilic 
and hydrophobic regions. 
, [0006] In the United States Patent US 5660642 a liq- 
& uid removal technique is disclosed wherein a liquid film 
present on a surface of a substrate can be removed by 
> . .: applying rinsewater together with a surface tension re- 
ducing vapor. Particularly, a disadvantage is that regard- 
less of the precise nature of the liquid, during the liquid 
30 , removal process always rinsewater is supplied. Further- 
r , more,; the surface tension reducing vapor is passively 
applied, e.g. by natural evaporation, which makes it dif- 
ficult to locally, i.e. at moving zone, have a good and 
efficient control on the vapor supply, or to direct the va- 
3S p0 r Moreover US 5660642 does not disclose how to re- 
move a liquid film substantially simultaneously from two 
opposite surfaces, i.e. top and bottomside, ota horizon- 
tally positioned substrate. Neither does US 5660642 
disclose how to remove efficiently a liquid from the top- 
40 side of, a horizontally positioned substrate. 

SUMMARY OF THE INVENTION 

[0007] In an aspect of the invention a method of re- 
4S moving a liquid from at least one surface of at least one 
substrate -is disclosed,, said method comprising the 
steps of: 



so 



55. 



supplying a liquid on at least a part of said surface 
of said substrate; 

supplying a gaseous substance to said surface of 
said substrate, said gaseous substance being at 
least partially miscible with said liquid and when 
mixed with said liquid yielding a mixture having a 
surface tension being lower than that of said liquid" 
and . J 

subjecting said substrate to a rotary movement. 
Said gaseous substance can comprise a vaporised 
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substance which is miscible with said liquid and 
when mixed with said liquid yields a mixture having 
a surface tension being lower than that of sa.d liq- 
uid Said gaseous substance can comprise a gas 
which is miscible with said liquid and when mixed 
with said liquid yields a mixture having a surface 
tension being lower than that of said liquid Sa.d 
caseous substance can comprise a mixture of a va- 
porised substance and a gas. like e.g. helium argon 
or nitrogen, said mixture being at least partiaHy mis- 
cible with said liquid and when mixed with said kqu.d 
yielding a mixture having a surface tension being 
lower than that of said liquid. Particularly, by sup- 
plying said liquid and said gaseous subsiance on 
said surface of said substrate, at least locally a 
sharply defined boundary is created between he 
liquid and the gaseous substance, i.e. a so-called 
liquid-vapor boundary. • 

[00081 in an embodiment of the invention, said rotary 
movement is performed at a speed to 9f"^»* 
vapor boundary over said substrate. Preferab* *» 
boundary is a curved boundary. The configuration ,s 
SSthe liquid is kept at the outerside of the cu-ed 

i n ^ embodiment of the invention the substrate can 
s^in around its own axis. Alternatively irtjJJJJ 
can also be subjected to a rotary movement where sa.d 
substrate no longer spins arbund its own centre. _ 
[00091 in another embodiment of the invention a 
method of removing a liquid from at least one surface of 
at least one substrate is disclosed, comprising the steps 
of: 



subjecting said substrate to a rotary movement 
supplying a liquid to at least a part of said surface 

of said substrate; and „.„♦-„,, nf 

supplying a gaseous substance to said surface of 
Jd substrate while supplying said liquid, said gas- 
eous substance being at least partially m.sc.b.e with 
said liquid and when mixed with said quid yielding 
a mbcture having a surface tension being lower than 
that of said liquid/Particularly on at least a part of 
the surface of the substrate, fresh liqu.d is sprayed 
continuously. The entire surface at the liquid side of 
the liquid-vapor boundary can be covered, a* e.g. 
tor hydrophilic surfaces, with a continuous film of 
the liquid. The speed of the rotary movement is cho- 
sen such that the flow of said sprayed l^^nf 
least one side of the wafer is transported outwards 
due to the centrifugal forces. Moreover said gase- 
ous substance, when mixed with sa.d l.quid y elds 
a mixture having a surface tension being lower thap 
that of said liquid. The resulting surface tens.on re- 
duction of said liquid facilitates the movement, 
said liquid towards an edge of the substrate. The 
surface left behind is cleaned and dried. It .s pre- 
sumed that this drying action is obtained according 



to at least the combination of the rotary movement 
and the Marangoni effect. According to the Ma- 
rangoni effect said substances will be mixed wrth 
the liquid such that in the liquid meniscus, its con- 
5 centration decreases in the direction of the -liquid. 
This gradient in concentration creates an addrt.onal 
force exerted on the liquid film in the direction of the 
liquid film resulting in a good drying performance. 

10 [00101 The liquid is selected dependent upon the ap- 
' plied wet processing step like e.g. a wet etching step or 
a deaning step or a rinsing step. To initiate the diy-ng 
pr JceTs. besides said liquid also a gaseous substance 
reducing the surface tension of said liquid is sprayed on 
if Lueast one surface of said substrate. Particular*, a 
oressurized gaseous substance is actively supplied e. 
Tby usU aneast one nozzle, said nozzle pre , ferab* 
> Ling movable. Alternative.* instead of a movable noz- 
: *e, it least one static inlet can be used for supping. 
20 preferably actively said gaseous substance on sari sur- 
face of said substrate. Said surface tension reducing 
^seSstance can be isopropy. alcohol (IPA). but 
SoanyotherVseoussubstancewhich.sm.sciblew.th 

£ hquid andUch will form a mixture with said liquid 
2 s S a surface tension lower than that of sa.d hqud 
aEne? can be used. Particu.arly. said gaseous sub- 
■ ■' See may be heated at a temperature ty P .cally m the 
range between 20 and 100 degrees Celsius 
o = ■ 10011] m anotherembodiment of the invention, even- 
so uaily prior to the liquid removal step an etching, a cU«n- 
; - ng or a rinsing liquid or a sequence of such l.quris can 
; be supplied to the entire surface of a rotating substra a 
, parameters can be optimized such that a liqurifOm 
cancompletelycbverasurtace.Thesp.nn.ngmotonw.ll 

35 -ouickly transport the liquid over the surface towards the 

- and thus also allowing for relatively short rinsing times. 
Ssuch a continuous* switched flow of 1^ 
inates the undesirable passage of ^f^-JTSS 
46 over the surface.' The liquid removal method of he 
p^ent invention is applicable for each sequent > of at 
feast one wet processing step by supplying a surface 
: tension reducing gaseous substance together with the 
fqu d Vhe d^ing can thus be applied direct* on the 
45 p?^essingliquid.f relevantfortheappl.cat,on.S.ncetf.e 

• ess non-unrformity over the surface can be kept very 
Soi2] lnanotherembodimentoftheinvention.anoth- 

so £ forte can be combined with the liquid removal proc- 
ess of S present invention. Particular*, by using 
... ^eqasonlc energy as said other force to agitate the lq- 
■Spliedduring'the removal processthe Ceaningper- 
. Chance of said liquid removal process can be en- 
Si hanced. Doing so can help in particle reduc ion. Mer- 
native* also Contacting a surface with a rotating clean- 
ing-pad is an example of such other force. 

• [0013] m an aspect of.the invention an apparatus for 
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removing a ii quid from at , , . 

one s Ubstrat e is disclosed; said ypJ^SS 

a substrate holder which is subjectable to a rotary 

a gaseous substance supply system for applying a 
gaseous substance on said surface of said su b 
yTtemand "n'r- 8aid substahce ^ 

sucntlt ? '^'^'^"PP'y^temare positioned 
such that said gaseous substance is applied closer 

S-lTST,? — mentof said s"b 

s rate holder than said liquid.. Particularly said liquid 
supply S y S te m is movable relate to said subsS 



tern ° f MW SUbS,ra,e and ,he "PUW sup pl y sys- 

2 Ton Sl' e r- n0ZZle f ° r ^-9 sa^- 
uia on said surface of said substrate Particularly 1 

• cT£z e ::^ defined '^^ooSa? 

tre and r ^ l0Cat8d b6tWeen ,he ^ion cen 
. , ti? and the liquid supply nozzle being located at Thl 
shortest radial distance from the rotation centre Furtn I 

sjs^r appara,us 01 *°^^z 

» molabL on ~ir?r ,ed an ^ Said no " les b ^g 
BRIEF DESCRIPTION OF THE DRAWINGS 



Sus Lh« embodimenf ° f the invention said appa- 
ratus further comprises a chamber, preferably oressur 
izable wherein said substrate holder's posftioned ^ 
chamber ,s designed in a manner to avoid back solasn 

Ja^For ilTan ^ 3 ^ Pnt said" 

face. For instance, a chamber having slanted walls mav 

tioned horizontally in said chamber In such ca Sa n°f 

such ,hat the angle between said walls and the horizon 

grees ,n order to prevent back splashing of the liquid 
whichisremovedaccordingtothemeth^ 

WaLsiuT" emb ° diment ° f ,ne '"^ion, said 

[0016] In another embodiment of the invention th« 
gaseous substance suppty. system can cC.se at 
SZT 7 ZZiB f ° rapp,yin 9 ** d gaseous subsfance 
st em Sn aCS ° f Said SUbs,rate a " d *aid "Quid suppty 
system can comprise at least one nozzle for apolE 
said ,,ou,d on said surface of said substrate sa^noz' 
zles are positioned such that said gaseous substance 
is act.vely applied closer to the centre of the rote™ 
movement of the substrate holder than said CdT a 7 

first " e H Creat6d ^ iS located between a 

first and a second adjacent nozzle, said first nozzle be 
<ng part of said gaseous substance supphy system said 
second nozzle being part of said liquidVuppts^em 

noT'TT" 9 ,0 aPPara,US of - ,he ^venU s^ 
nozzles can be mounted on an arm, said nozzles beino 
movable on said arm and/or said arm. being movable 
relative to said substrate holder 
[0017J m another embodiment of the invention the 
gaseous substance supply system comprises S ielst 
one static m.et for applying said gaseous sunlit 



9 1 depiC,S 3 schematic ^presentation 
(vertical cross-section) of a tool used for removina a Ita 
.., Uld ^ the topside of a surface of a.^ 
fording to an embodiment of the invent' 

(2b-2b) of a too used for removing ajiquid from a rotat 

[0020] Figure 3 a) depicts a top view of the cross-sec- 
* X a i P TT (C " D ° ffi92b))perpendic "'artot^ 
UO^T rate l hrOU 9 h the "Quid impingemem 

311 o7» .1 9 J? 1P,n9ement and ,he rota «on centre 
» fubs^i f f ° r rem0Vi ° 9 9 a rotating 

The v?io dm9 10 80 embodi ™n, of the invention 
Wctor representing the velocity of the liquid leaving 
v the nozzle is ,n this cross-sectional plane (C-D) orTf 

s P «rat: m ak 3b) '"T**'"* ^ « 
Remaking a small angle (33) with (C-D) ie theliouid 

3 b) depicts the 3b-3b plane 9 

Sf/I ^ 9Ure 4 8) dBpiC,S 3 Scnematic representa- 
M iti ITT' Whi,efi 9- 4b ) d «P'otsacross-section 
f 4b ' 4b )° f a tool used for removing a liquid from a rotat 

^022] Figure 5 depicts a vertical cross-section of an 



DETAILED DESCRIPTION OF THE INVENTION 



[0023] In relation to the appended drawings the 

- ZZ " d6SCribed in deta " in e 
Several embod.ments are disclosed. It is apparent how 

,. ever » nat a person skj||ed jn ^ PP ^ en, how 

- P 1 "^ equ.va.en, embodiments or other ways of execut 
.. .jngjhe : present. invention, ,he spirit and s'cope of th e 

P024] In an aspect of ,he invention a method of re- 
substrate ,s disclosed, said method comprising the 
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steps of . 



supplying a liquid on at least a part ol said surface 
of said substrate; 

supplying a gaseous substance to said surface o 
said substrate, said gaseous substance being at 
least partially miscible with said liquid and when 
mixed with said liquid yielding a mixture hav.ng a 
surface tension being lower than that ol said liquid; 

subjecting said substrate to a rotary movement 
Said gaseous substance can comprise a vaporised 
substance which is miscible with .said liquid and 
when mixed with said liquid yields a mixture hav.ng 
a surface tension being lower than that of said ,q- 
uid A vaporised substance is defined as a mist ot 
finely dispersed liquid droplets of an element or a 
■ compound or a mixture of elements or as a vapor 
A vapor is defined as the gas phase occurrence of 
an element or of a compound or 6i a mixture of el- 
ements if the element or compound or mixture 
should be in the liquid or solid phase at the given 
temperature and pressure conditions. Thus a va- 
pour can co-exist in one environment wrth the soUd 
or liquid phase of trie element. A vapour is a specrfic 
gas phase cccurrence ol an element or a compound 

or a mixture of elements. Said gaseousj.ubstance 
can compriseagas which ismiscible with said Uqu.d 
and when mixed with said liquid yields a mixture 
having a surface tension being lower than that of 
said liquid. Said gaseous substance can comprise 
a mixture of a vaporised substance and a gas, par- 
ticularly an inert gas like e.g. helium, argon or nrtro- 
gen, said mixture being at least partially miscible 
with said liquid and when mixed with said liquid 
yielding a mixture having a surface tension being 
lower than that of said liquid. Particularly, by sup- 
plying said liquid and said gaseous substance on 
Surface of said substrate, at least localfy a 
sharply defined liquid-vapor boundary is created 
Said boundary has to be such that, at least wrth m 
the part of the surface which is not rewetted during 
a subsequent revolution, said boundary is a contin- 
uous one. i.e. said part is determined by the lateral 
movement of said boundary during a revolution. Ac- 
cording to the method of the present invention, said 
rotary movement is performed* a speed to guide 
said liquid-vapor boundary over said substrate. Jhe 
configuration is such that the liquid is kept at the 
liquid side of the liquid-vapor boundary. 



[00251 According to this method of the invention on 
at ieast one surface, preferably on both opposrte surfac- 
es simultaneously i.e. the top and bottoms.de. of at least 
one substrate fresh liquid is sprayed continuously ^ The 
entire surface at the iiquid side of l^g^K 
boundary can be covered with a f,lm of the liquid. The 
speed of the rotary movement is chosen such that the 



flow of said sprayed liquid on said surface of the wafer 
is transported outwards due to the centrifugal forces^ 
The rotational speed, the flow of the liquid supply, and 
the orientation and the velocity at which the liquid arrives 
s on the surface can be optimized in order to result in a 
liquid film with a sharp and stable liquid-vapor boundary 
and to keep the thickness of the liquid film small enough 
to avoid excessive losses of liquid on the bottoms.de by 
gravitational forces. Moreover, said gaseous substance 
10 when mixed with the liquid, results in a surface tension 
• reductionof said liquid thereby facilitate the movement 
of said liquid towards an edge of the substrate. The sur- 
face left behind is cleaned and dried. It is presumed ^that 
this drying action is obtained accord.ng to at least the 
,5 comb£atron6,*e^^ 

Preferably this second force is the force introduced by 
a rotary movement or e.g. an oscillating movement. Ac- 
ceding to the Marangoni effect said substances «H be 
mixed with the liquid such that in the liquid meniscus, its 
.o c^centration decreases in the direction of the liquid. 
This gradient in concentration creates an additional 
force exerted on the liquid film in the direction of *e l.q- 
1 uid film resulting in a good drying P** 0 ™™™! 
ularly, the centre of the rotary movement can co.nc^e 
2 s with the centre of the substrate. 

around its own centre. In this case, .t a l.qu.d e sprayed 
on a surface of a substrate rotating typically wrth a speed 
oetween2and20revolutionspersecond.butthe.nven- 

Soms not limited thereto, a cuived shaped ..qu.d-vapo 
3 o boundary is created. The entire surface area outs.de of 
this curved boundary, can be covered w.th a film of the 
- iquid. Particularly when using hydroph.l.c substrate* 
Z entire surface area outside of this curved boundary 
rccTered w„h a continuous film of the iiquid However 
35 alsoothermorecomplexshapedb^ 

ated.particulartyonsubstratesw.thah.gh TO ntactang.e 

for the liquid and if a low flow of liquid .s applied. Such 
complex shaped boundaries will also assist in removing 

40 S?' Theliquidisseiecteddependentontheapplied 
^processing stepi for etching steps, e.g. dilute aqua- 
Lsoiutionscompri 

inc. steps! e.g. a mixture of NH 4 OH, H 2 O a and Hp or a 
ScSof HCt H 2 G 2 and H 2 G or dilute HCh « _a jnjju e 
45 comprising Q 3 can be used; for r.nsjng steps the nns.ng 
- nouid can comprise H z O, or a m«ture of I £0 *idan 
acid, said mixture preferably hav.ng a pH between 2 and 

6 Preferably said acid is one ot the group of HN0 3 , 
H,do HC0 3 , HC HB, H 3 PQ 4 , H 2 SQ 4 . To .nfate the 
so removal process, besides said liquid also a gaseous 

= str ate Said gaseous substance can comprise a sub 
v -Sce. likelg/ isopropy. alcohol (IPA). daceton* 
• ethyl.aclate, ethy.glycol, methyipyrro.don orjmo««. 
ss - of one of the aforementioned substance, which when 
vapored is mfccible with said liquid and*- 
with said liquid yields a mixture hav.ng a surface tens.on 
being lower than that of said liquid 
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th« .i 8 of the rotarv movement while ' 

the liquid is supplied out of centre but adjacent to T» 

tem, this boundary is slowly guided outwards fro^T 

method of the present invention is perfectly suited to 

cause, accord.ng to the present invention, the liqu d of 
the hquid-vapor boundary is continuously ref resrS be- *s 
sides a good drying performance a.so a better cleanfna 
ZZT Ce iS ° fa,ained si ™^eously. A iSSSZ 

TsZZT^ T ? ° btained re ^ less °< Ce- 
ase nature of the l,q U( d, i.e. a wet processing liaukJIike 

Si? as Z 9 j:t r a rinsin9 **» ° r a « « 

2„ ° n9 * 8 " qu,d is miscible with the surface ' ' 
ension reducing gaseous substance Particuianv «w 

required amounts of liquid are substantial J toZ cl 

[0028] Accordmg to the method of the present invan ' 

mLn, 1 * ClOSe t0 the cen,re of *e rotary move- ' 

Zntht 6 ^ iS "° 9aSe ° us ^tance^supTy 

■2 and thiTJ SUPP ^ iS mOVed S,i 9 h,,y « cen «> 
tre and the gaseous substance is supplied at said cen- 

[0029] Further according to the method of the oresent 
.overmen first the .iquid can be supolied^ a su Sace o 

to «,w he 9aSSOUS su ^tance supply is moved 
to said centre. Once a liquid-vapor boundary Ts££ so 

vaZTZ nC ^ SUpP ^ are mwed ^ch that the liquid- ; 
vapor boundary is guided outwards •• 

So, I 3 "? 1 " 6 ' embodimenf ol the invention the ' " 
^S^ tary T Vement coi fcides with the centre ss 

centre. Then the gaseous substance supply system V 
9. a nozzle ,s moved to me centre of the Vo^ry Ze 



10 



ment, i.e. the centre of the substrate and th* „ 
cTnt a,S ° be away fVom saTd 

g»»j?& — 

£031] | n another embodiment of the invention in or- 
der to enhance the cleaning performance of the L°d 
^mova, process of the pr^W^aSS 
orce can be exerted on the .liquid, particular^ on Z 
quid near the liquid-vapor boLarf^Sl^ 

■££ Ca " be a9ttated '** usi "9 ™ 9 a~nic Sgy X 
megasonic energy can be generated locally by a 
erator and transmitted to the liquid Particular^ 

generator. The liquid which is dispensed' Surface 
by this megasonic liquid nozzle is agitated by means o^ 
^ generator. Because there is a L.inucTflo^ 
nyeen the megasonic liquid nozzle and the surface me 
' S e 7 f9y iS trans,erred to the ^rfac?v-a he 
he lt^ThT s X 6nhanCe ,he Cteanin 9 P^ormance of 

nozzle n^f er W ' tf! 3 93Se0US 8ubsta " c ° supply 
can 2 J e '"J^ ^mentation, a megasonic arm" 
«n oe i used. This megasonic arm consists of a 

STsaid 9 m erat0r ^ 3 ,iqUid SUPP| V Par- 
ucuiarly sa.d megasonic generator comprises a trans- 

a cySl'l l ranSmmer - PrS,erab ^ ,his 'ansmitte h a S 
a cylindrical shape and extends along said arm Said 

megasonic arm extends over a surface of a substrate 

preferably cose to said surface. Liquid can be suppS S 

between S e B 0, I he SUb8trate " ™- is «5E 
oetween said surface and said arm So aoain »h« 

megasonic energy can be transmitted to the Sd !v 

"d 6 to" th°' ,h V ranSmrt,er and -bsequentfy vL sa d 
u.d to the surface of the substrate. Preferably to ma2 

r Q the c ^ ,ary , e,fec,durin9 ,he ---.X' 

ess of the present mvention. the distance between me 

ieZ a buUh e e?n Ur,aC , e °' ^ SUbS,ra,S iS ™ ™ 
rnn J? ,nve "t'on .s not limited thereto 

[0032] m an aspect of the invention an apparatus for 

removrng a liquid from at least one surface oTa .els 

one substrate is disclosed, said apparatus compris'g 



a substrate holder (1 ) (11 > ls subjectable to a 

Said SUbS,ra,B & bei "9 
D»y held said substrate holder; 
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a liquid supply system (5) lor applying a liquid on at 
least a part of said surface of said substrate; 
a gaseous substance supply system (4) for applying 
a gaseous substance on said surface of said sub- 
strate and where said gaseous substance supply 
system and said liquid supply system are positioned 
such that said gaseous substance is applied closer 
to the centre of said rotary movement of .said sub- 
strate holder than said liquid. 

r00331 In an embodiment of the invention, as illustrat- 
ed in figure 1, a substrate (2) is placed on a revolving 
substrate holder (1).'Said substrate can be placed in a 
chamber of a tool comprising at least one chamber Said 
substrate holder and the substrate thereon are rotat.ng 
with a speed which is typically between 2 and 20 or more 
revolutions per second, A movable arm (3), which can 
be guided between the centre andthe edge of the sub- 
strate extends above the topside of the substrate Ini- 
tially one end of this arm is located near the centre of 
he rotary movement, i.e. the centre of the substrate^ 
Said arm comprises at least two supply systems, a first 
supply system comprising means (4) tor supplying a sur- 
face tension reducing gaseous substance to the sub- 
strate, a second supply system comprising means (5) 
o supplying a liquid to the substrate. Said first supply 
system further comprises at least one hdzz.e initial* 
being placed at or near the centre of the ^trate^for 
spraying said gaseous substance on said substrata 
Said second supply system further comprises at least 
one nozzle', being placed more outwards than said noz- 
zle for spraying gaseous substance. ^ 
liquid on said substrate. Alternatively, msteaa of a mov- 
able arm comprising fixed nozzles also movable nozzles 
on a fixed arm can be used. To ensure tha each part of 
the substrate is effectively dried, the translation speed, 
v, at which the arm, i.e. the nozzles, . rnoves can be 
adapted to the rotational (angular) speed, <o, of the sub- 
strate. SupposethatAr is the translation distance, being 
the radial distance over which the liquid-vapor boundary 
extends radialy during one revolution, then the rotational 
speed can be chosen such that. 



Ar = 



2 it v 

(0 



For example, suppose that the translate d.stance per 
revolution Ar, equals 1 mm and that the translation 
speed v, equals 1 mm per second, then the rotauona. 
speed is 1 revolution per second. 
[00341 in tests, the nozzles are located such that tte.r 
centre lines will draw concentric circles on the surface 
withadifference in radius on theorderof 5mm. Bydoing 
so at the topside of the substrate a curved liquid-vapor 
boundary is formed which is initially located at said cen- 
tre of the substrate. Then this boundary is slow y guided 
outwards by moving sad arm (3) from the centre to the 
edgeof the substrate to thereby remove the liquid orthe 



solution of said liquid from the topside of said substrate. 
The liquid-vapor boundary is located in between the 
nozzle providing the surface tension reduc.ng gaseous 
substance and the nearest nozzle spraying the liquid. 
s Using this method fresh liquid with very low concentra- 
tion of the surface tension reducing gaseous substance 
is supplied at the liquid-vapor boundary thus maximizing 
the removal of the liquid (maximizing Marangon. force), 
in figure 1 the nozzles (6) are placed such that the gas- 
,o eous substance is sprayed perpendicular, i.e. at an an- 
gle of 90'. on the substrate and also the liquid is sprayed 
on the substrate. Spraying the liquid can be done such 
that at least locally a sharp and stable curved boundary 
• is obtained, and particularly in case hydrophi c sub- 
,5 strates are used the entire surface of the substrate at 
the outeVside of the bounda* is kept wet This w.lm- 
volve' optimization of the orientation of the l.qu.d nozz e 
(s) and of the velocity of the liquid leaving the nozzle^n 
order to limit splashing of the liquid the angle (32 be- 
to' tween the velocity vector of the liquid (figure 3 (13)) 
wheK leaving the nozzle and the velocity vector of the 
: Sng su/ace (figure ,9 (14)) at the point (30) where 
• the liquid flow impinges can be kept small. Eventually, 
the liquid nozzles can also be slightly oriented outwards^ 
zs i e typically at an angle (33) between 0 degrees and 5 
degrees. For removing a liquid having a low contact an- 
- gle in contact with the surface, it is found sufficient to 
1 have only one nozzle for supplying the liquid. Incaseof 
. higher contact angles, in order to maintain awe.^ 
30 strate surface outside the drying boundary, additiona 

■ ■ nozzles for spraying liquid can be installed a equal o 
greater distance from the rotation centre (31). In order 

■ - tofurtherlimttthecdnsumptionofthel.qu.dtheaddrt.on- 

a. nozzles can be turned off as they move over ^the sub- 
is strate edge. It may be useful to progressively modulate 
the flow and the rotation speed as the drying proceeds 
from the centre towards the edge of the substrate. 
[0035] According to this embodiment of the invention 
as an example, experiments are P^ 0 ™^ 8 '"^* 
40 an apparatus for removing a liquid from the tops.de , of a 
substrate. Particularly, the gaseous substance supply 
■■' system of said apparatus comprises one nozzle and the 
liquid supper system of said apparatus also comprises 
one nozzle. Said nozzles are mounted on an arm. sad 
45 arm being movable relative to said substrate. The sub- 
- Ltes used in the experiments are silicon wafers wrth 
a diameter of 150 mm wrth a deposited ox.de layer on 
top The thickness of the oxide layer is 1.1 um.The wa- 
• fers are polished by means of chemical mechanical pol- 
50 ishing, Afterthistreatment.thethicknessottherema.n- 
-•• ing oxide layer is 700 nm. Immediately therearterthe wa- 
; ' :r/ fers are put in a water container. 
< --[0036] In a first test a state of the art metnod is used 
o remove the water from the topside of a wafer The 
ss wafer is placed on a substrate holder and subjected to 
Tttaoy movement at a speed of 600 revolutions per 
minute'during 40 seconds while only a surface tension 
Educing gaseoussubstance,i.e.amixtureof vaporised 



7 



BNSDOCID <EP_0905747A1J_> 



13 



'rr,; a 7 ent ? n 3 meth ° d ' S USed * "™ve the 
water from the topside of a wafer. The wafer is 

ment at a speed of 600 revolutions per minuSZ ! * 
-nd. The C^VT^S^.^ 

SSS^CT this remova ' treat ™ »gCn X 

of LPD measurements on six different wafers 3 wh?h 

velocity of 5 mm per second, and the other three wafers 
wh,ch are also subjected to the same treatment i T2£ 

s^nder^ °' 3 ^ Pef SeC °" d 
clS thaZ "TL^ the LPD me asurem e nts I, is 
clea that the method of the present invention has a bet- 

S ,n 0 an embodiment of the invention, as illustrat- 
ed I in figure 2. a substrate.(2) can be clamped into a rint 

larger than the diameter of the substrate The clamninn 
• done using minimal contact surface tW£J2 

tweenm.eaiT *" 

the subst rate or alternative* to said substrata Ze 

subtle IS" hO,der h C0m P ris 'n9 said substrate or s"d 
substrate alone can be placed in a chamber of a tool 

taZwih? 1 ' ea H ° nG Chamb9r S"bstrate a s ~ 
tahng with, a speed which is typically between 2 and 
revolut,ons per second, or between 1 and 100 reW 

seoarifl m ° Vable am " (3) ' can »• Suided 
the edae of th Smu « a ™™>y between the centre and 

Sow ? ha iin ^ eX,6nd above the tQ Ps«e and 
below the bottoms,de of the substrate. Initially one end 
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saifnoXn 9 ' b ^9P'aced more outwards h an 
sa,d nozzle for spraying gaseous substance for sorav 

surface tfiaure 3 «J Y eK ?aty of the rotating 

eon at the bottoms,de is mounted on a central shaft n s\ 

aS£?TH ?' amp,n9 means (17 > °' tne substrate 
are fixed. The set of arms movinq over a mrih M «f .t 

:t Jut OHM from ,h 9 fira wm , h , »™ '» 
. about an axis parallel to lh.fi,,, „,* Th,,.i«!S! 

(51) which can be guided over the rota«no S ES 
strate. Part.cularly, the distance between this «« 

SP In* 01 , ,n , anotn ^ embodiment of the invention said 

energy and a transmitter for transmitting said meqason 
t , <c energy to a surface of the substrate via the iSh! 

jet or a megasonic arm can be used 

' n a " 0,her embodi ^ent of the invention the 
gaseous substance supply system comprises a, leaZ 
one static inlet for applying said gaseous substance on 
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said surface of said substrate and the liquid supply sys- 
tem comprises at least one nozzle for applying said liq- 
uid on said surface ol said substrate. Particularly, at 
least locally, a sharply defined liquid-vapor boundary 
can be created being located between the rotation cen- 
tre and the liquid supply nozzle being located at the 
shortest radial distance from the rotation centre. Further 
according to the apparatus of the invention, said liquid 
nozzles can be mounted on an arm. said nozzles being 
movable on said arm and/or said arm being movable 
relative to said substrate. 

[00421 In further tests, according to the method of the 
invention, the nozzles are positioned in order to draw 
concentric circles oh the surface with a difference in ra- 
dius in the order of 6 mm. One nozzle is provided to 
spray the liquid, i.e. H 2 0 on a surface of a.150 mm sili- 
con wafer. The rate of the liquid flow is about 60 rnl per 
minute The surface tension reducing gaseous sub- 
stance used is a mixture of vaporised IPA.and a nitrogen 
gas The rotation speed is about 300 revolutions per 
minute These conditions are suited to remove the liquid 
very efficiently for hydrophiiic wafers. It is found that par- 
ticularly for hydrophobic silicon wafers, it is important to 
have a sufficiently high liquid supply to keep the. outer 
parts of the wafer wet. Preferably additional nozzles can 
be provided to ensure this, 

[0043] According to the method of the present inven- 
tion the same rotation station can be used to perform a 
wet' chemical processing step like e.g. a wet etching 
step wet cleaning and rinsing a substrate, or to perform 
• an arbitrary sequence of such wet processing steps. In 
an embodiment of the invention, prior to the initiation of 
the liquid removal process, i.e. prior to supplying a sur- 
face tension reducing gaseous substance, an etching 
cleaning or rinsing liquid or a continuous sequence of 
such liquids can be supplied to at least one surface of 
the substrate. For example, this can be done by using 
at least one of the liquid nozzles (and eventually addi- 
tional nozzles further away from the centre). The param- 
eters can be optimized such that a continuous liquid film 
is present on the surface: The spinning motion will quick- 
ly transport the liquid over the surface towards the edge, 
thus allowing relatively short carry-over transients and 
thus also allowing for relatively short rjnsing times. Us- 
ing such' a continuously switched flow of liquids elimi- 
nates the passage of liquid-gas interfaces over tne sur- 
face The liquid removal method of the present invention 
is applicable for each sequence ol at least one wet 
processing step by supplying a surface tension reducing 
gaseous substance together with the liquid. The rejnov- 
al method can thus be applied directly on the processing 
liqu id if benef icial for the application: Since the proposed 
removal method is found to be very fast, process non- 
uniformity over the surface, i.e. centre to edge or edge 
to edge, can be kept very low. 



Claims 

1 . A method of removing a liquid from at least one sur- 
face of at least one substrate comprising the steps 
s of: 

subjecting said substrate to a rotary movement 
supplying a liquid on at least a part of said sur- 
face of said substrate; and 
w supplying a gaseous substance to said surface 

of said substrate while supplying said liquid, 
said gaseous substance being at least partially 
miscible with said liquid and when mixed with 
said liquid yielding a mixture having a surface 

is tension being lower than that of said liquid. 

2 A method as recited in claim 1 , wherein, by supply- 
ing said liquid and said gaseous substance on said 

part of said surface of said substrate, at least locally 
20 a sharply defined liquid-vapor boundary is created. 

3 A method as recited in claim 1 . wherein said rotary 
" movement is performed at a speed to guide said 

liquid-vapor boundary over said surface of said 
25 substrate . 

" 4 A method as recited in claim 3, wherein said rotary 
movement is on a single substrate applied such that 
said substrate rotates around its own centre. 

30 . 

5 a method as in claim 4, wherein the rotation speed 

is in the range from 2 to 40 revolutions per second. 

6 A method as recited in claim 1 , wherein said gase- 
35 ' ous substance comprises a vaporised substance 

which is miscible with said liquid and when mixed 
with said liquid yields a mixture having a surface 
tension being lower than that of said liquid. 

40 7 A method as recited in claim 6, wherein said vapor- 
ised substance is selected from a group comprising 
isopropyi alcohol (IPA); diacetone. ethylglycol, 
ethyllactate and methylpyrrolidon or a mixture 
thereof. 



45 

8 A method as recited in claim 1 . wherein said gase- 
ous substance comprises a mixture of a vaporised 
substance and a gas. said mixture being at least 
partially miscible with said liquid and when mixed 
so with said liquid yielding a mixture having a surface 
tension being iower than that of said liquid. 

A method as recited in claim 8, wherein said vapor- 
ised substance is selected from a group comprising 
55- isopropyi alcohol (IPA), diacetone, ethylglycol and 
methylpyrrolidon or a mixture thereof and said gas 
is an inert gas. 
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10. A method as recited in claim 1, wherein said gase- 
ous substance comprises a gas which is miscible 
with said liquid and when mixed with said liquid 
yields a mixture having a surface tension being low- 
er than that of said liquid. s 

11. A method as recited in claim 1 , wherein said liquid 
is one of a group of an etching liquid, a cleaning 
liquid or a rinsing liquid. 

12. A method as recited in claim 1, wherein said liquid 
is a dilute aqueous solution. 
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1 3. A method as recited in claim 1 1 , wherein said clean- 
ing liquid comprises a mixture of NH 4 OH, H 2 0 2 and is 
H 2 0; or comprises a mixture of HCI, H 2 0 2 and H-O 
or comprises diluted HCI; or comprises a mixture 
comprising 0 3 . 

1 4. A method as recited in claim 1 1 , wherein said rinsing so 
liquid comprises H 2 0, or a mixture of H 2 0 and an 
acid, said mixture having a pH between 2 and 6. 

15. A method as recited in claim 1 , wherein said liquid 
and sad gaseous substance are supplied substan- ss 
tially simultaneously. 

16. A method of removing a liquid from a first side and 
a second side of at least one substrate comprising 
the steps of: d 

30 

subjecting said substrate to a rotary movement 
supplying a liquid an at least a part of said first 
side and at least a part of said second side of 
said substrate; and 3S 
supplying a gaseous substance tosaid first side 
and said second side of said substrate while 
supplymg said liquid, said gaseous substance 
being at least partially miscible with said liquid 
and when mixed with said liquid yielding a mix- 40 
ture having a surface tension being lower than 
that of said liquid. 

17. A method as recited in claim 16, wherein said first 
side is the topside and said second side is the bot- 45 
tomside of said substrate. 

1 8. An apparatus for removing a liquid from at least one 
surface of at least one substrate, said apparatus 
comprising: SQ 

a substrate holder which is subjectable to a ro- 
tary movement, said substrate being releasably 
held by said substrate holder; 
at (east one liquid supply system for applying a ss 
liquid on at least a part of said surface of said 
substrate; 

at least one gaseous substance supply system 
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... for applying a gaseous substance on said sur- 
face of said substrate; and 

said gaseous substance supply system and said liq- 
uid supply system being positioned such that said 
gaseous substance is applied closer to the centre 
of said rotary movement of said substrate holder 
than said liquid. 

19. An apparatus as recited in claim 18, further com- 
prising a chamber wherein said substrate holder is 
positioned, said chamber being designed sin a 
manner to avoid back splashing of said liquid on 
said surface of said substrate. 

20. An apparatus as recited in claim 18, wheresaid gas- 
eous substance supply system comprises at least 
one nozzle for applying said gaseous substance on 
said surface of said substrate and said liquid supply 
system comprises at least one nozzle for applying 
said liquid on said part of said surface of said sub 
strate, said nozzles are positioned such that said 
gaseous substance is applied closer to the centre 
of the rotary movement of the substrate holderthan 
said liquid. 

21 . An apparatus as recited in claim 1 8, where said noz- 
zles are mounted on an arm, said arm being mov- 
able relative to said substrate holder. 

22. An apparatus for removing a liquid from a first side 
and a second side of at least one substrate, said 
apparatus comprising: 

a substrate holder which is subjectable to a ro- 
tary movement, said substrate being releasably 
held by said substrate holder; 
a first and a second liquid supply system, said 
first liquid supply system for applying a liquid 
on at least a part of said first side of said sub- 
strate and said second liquid supply system for 
applying a liquid on at least a part of said sec- 
ond side of said substrate; 
a first and a second gaseous substance supply 
system, said first gaseous substance supply 
system for applying a gaseous substance on 
said first side of said substrate and said second 
gaseous substance supply system for applying 
a gaseous substance on said second side of 
said substrate; and 

said first gaseous substance supply system and 
said first liquid supply system being positioned such 
that said gaseous substance is applied closer to the 
centre of said rotary movement of said substrate 
holder than said liquid, and said second gaseous 
substance supply system and said second liquid 
supply system being positioned such that said gas- 
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eous substance is applied closer to the centre of 
said rotary movement of said substrate holder than 
said liquid. 
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